In this article, we establish the existence of a solution for nonlinear fractional differential equations of order q ∈ (n − 1, n], n ≥ 2 with multi-strip fractional integral boundary condition by using Krasnoselskii's fixed point theorem and the uniqueness result is proved by Banach's fixed point theorem. Finally, Examples are provided to illustrate our results. 2
Introduction
The mathematical modelling of systems and processes in the fields of physics, chemistry, aerodynamics, electro dynamics of complex medium, polymer rheology, etc. involves derivatives of fractional order. Fractional derivatives provide an excellent tool for the description of memory and hereditary properties of various materials and processes. In recent years, there has been a significant development in ordinary and partial differential equations involving fractional derivatives, see the monographs of Kilbas et.al [18] , Podlubny [19] and the papers in [3, 8, 12 -13] and the reference therein. Agarwal et al. [1] have studied the existence of solutions of fractional differential equations and inclusions for various boundary value problems. Ahmad and Nieto [2] obtained the results for a nonlocal boundary value problems of higher order fractional differential equations. In [6] , the authors have obtained the existence results for the multi-strip fractional integral boundary conditions. Boundary value problems of nonlinear fractional-order differential equations have been extensively investigated during the last few years and a variety of results on the topic have been established; for example, see [2, 4, [9] [10] [11] 14, 17, 21] . The purpose of this paper is to study the existence and uniqueness of solutions for the higher order fractional differ-ential equations with multi-strip Riemann-Liouville fractional integral boundary conditions of the form:
where c D q denotes the Caputo fractional derivative of order q, f :
are appropriately chosen constants. The strip boundary condition in problem (1) can be regarded as a Riemann-Liouville type fractional integral boundary conditions involving non-intersecting finite many strips of arbitrary length, for example, see [5, 7, 20] . The paper is organized as follows: In Sec. 2, we recall some basic concepts and results. In Sec 3, we investigate the existence of solution for equation (1.1) by using Krasnoselskii's fixed point theorem and the uniqueness of solutions by using the Banach's fixed point theorem. Examples are also provided to illustrate the theory in Sec 4.
Preliminaries
Let us recall some basic definitions and Lemmas [15, 16, 18, 19] on fractional calculus.
where Γ is the gamma function. 
has a unique solution given by
Proof. From the above lemma, we have
Using Lemma 2.1, we get
Applying the boundary conditions, we have
Applying the Riemann-Liouville integral operator I β i on (2.4), we get Using the condition
From this, we get
Substituting (2.5) in (2.4), we obtain
This completes the proof.
Main Results
Let
, For the forthcoming analysis, we need the following assumptions: 
then the boundary value problem (1.1) has at least one solution on [0, 1].
Proof. By the assumption (A2), we can fix
and consider Br = {x ∈ C : ||x|| ≤r}. We define the operators P and Q on Br as
and (Qx)(t) = − t n−1 λ Γ(q)
,t ∈ [0, 1].
For x, y ∈ Br, 
we conclude that Q is a contraction mapping. Continuity of f implies that the operator P is continuous. Also
⇒ P is uniformly bounded on Br. Now we prove the compactness of the operator P.
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which is independent of x and tends to zero as t 2 −→ t 1 .
Thus, P is relatively compact on Br. Hence, by the Arzela-Ascoli theorem, we have P is compact on Br. Thus all the assumptions of Lemma 3.1 are satisfied and therefore the problem (1.1) has at least one solution on [0, 1]. This completes the proof.
Uniqueness result via Banach's fixed point theorem.
For our convenience, we set 
Now, for x, y ∈ X and for each t ∈ [0, 1], we have
Observe that Λ depends only on the parameters involved in the problem. As L < 1 Λ , we have F is a contraction. Thus, the conclusion of the problem follows by the contraction mapping principle(Banach fixed point theorem). This completes the proof.
Example
Consider the boundary conditions:
where q = 3 2 , n = 2, ζ 1 = 1 4 , η 1 = 1 3 , ζ 2 = 2 3 , η 2 = 2, ζ 3 = 3 5 , η 3 = 4 3 , γ 1 = 7, γ 2 = 7, γ 3 = 25, β 1 = 5 3 , β 2 = 8 5 , β 3 = 9 5 .
with the boundary conditions (4.7) .
Then |λ | = 17.289 . Clearly L = 1 25 and L |λ | Therefore LΛ = 0.8865 < 1.
All the assumptions of Theorem 3.3 are satisfied. Thus, the problem (4.9) has a unique solution on [0,1].
Conclusion
In this paper, we study the existence and uniqueness of solutions for a higher order nonlinear fractional differential equation with multi-strip Riemann-Liouville type fractional integral nonlocal boundary conditions (1.1). Existence and uniqueness of solutions are established by Krasnoselskii's fixed point theorem and Banach's contraction principle respectively. As applications, examples are presented to illustrate the main results.
